Upon the progress in the satellite positioning systems after 1990's particularly, Global Positioning System and Global Navigation Satellite System (GNSS) networks have been setup and used in scientific researches. Operational Research (OR) techniques have been used in the design and optimization of the surveying networks based on GNSS, as well. After 2000's, both developed and developing countries have launched and developed Continuously Operating Reference Stations (CORS) networks for surveying procedures, which require precision to the centimetre. Surveying the detail points by creating traverse networks in the field may be realized thanks to the accuracy of the position obtained. Although many researches in the field of the design and optimization of the GNSS networks exist, finding the shortest route in the survey of such networks remained limited. Objective of this study is to find the shortest survey route in a traverse network created in the CORS-Turkey (CORS-TR) system. Based on the optimum solution of Traveling Salesman Problem we form the best route and timing plan.
INTRODUCTION
In order to conduct the operational activities in a more productive and efficient way, Operational Research (OR) has been applied as a scientific method to the complicated problems. OR was applied to the design and optimization problems of the geodetic networks, in the past, as well. Kuang [1] used the quadratic programming in the design and optimization of leveling networks while Cross and Thapa [2] preferred a linear programming approach. Benzao and Shaorong [3] used linear programming for designing the tracking of the deformation networks. Kuang [4] used a quadratic programming formulation in the design of three dimension geodetic networks. By using graph theory, for the optimization of the cost in the trilateration networks, Kortesis and Dermanis [5] developed a method based on the survey of a surveyor who visited multiple points a day.
Fixed positioned GNSS receivers [6] or Real Time Kinematic/CORS satellite positioning systems that track and correct the route of a moving antenna [7] are used in the scientific studies to determine the positions of the points. Today, depending on the increasing satellite positioning systems, GNSS observation period concept and geodetic network design optimization are still valid. Wells et al. [8] and Vanicek et al. [9] have developed algorithms that solve the quantity of the receivers required considering the fixed and moving receivers. Snay [10] and Janes et al. [11] have studied developing algorithms that form survey plans considering the different combinations of the receivers. A Second Order Design (SOD) in the optimization of the Global Positioning System (GPS) Networks through linear programming have been performed by Even-Tzur and Papo [12] while Mehrabi and Voosoghi [13] have used quadratic programming algorithm for the optimal survey plan of the GPS Networks.
Saleh and his colleagues have carried out several studies on using the OR techniques for designing the surveying network and planning the measuring procedures referring to the improved satellite positioning system as of 2000's. Dare and Saleh [14] have found a solution, by using Simulated Annealing (SA) technique, with optimum results in small GPS networks and with results closer to optimum in big networks. Saleh and Dare [15] have used SA and Tabu Search (TS) metaheuristics on Malta GPS surveying network. Saleh [16] has used artificial intelligence in the design of GPS surveying networks. Saleh and Dare [17] have performed the near optimal design of GPS network by using TabuSearch heuristics. Saleh and Chelouah [18] have used genetic algorithm in the design of GNSS surveying network. Fidanova and Saleh have studied Ant Colony Optimization (ACO) for planning the measuring methods of the satellite positioning networks [19] .
Although numerous researches have been seen in the literature on Operational Research, design and optimization of the geodetic or GNSS network, studies to find the shortest route in the traverse network based on Continuously Operating Reference Stations (CORS) and planning surveying time remained limited. It is considered that the Traveling Salesman Problem (TSP) which is one of the OR techniques to find the shortest route may be used within the frame of the following researches.
TSP was formulated first by W.R. Hamilton, an Irish mathematician and Thomas Kirkman, an English mathematician in 1800's [20] . TSP, which became popular suddenly in 1950's and, soon after in1960's, has been a major method in solving many problems. G. Dantzig, R. Fulkerson and S. Johnson [21] in their article published in 1954 on solution of a large-scale TSP, solved the problem optimally among the 48 districts in Washington D.C.by using linear programming.
Upon the improvement in computer science and heuristic approaches, TSP has begun to be solved by using heuristic methods in large size problems. For example, Baraglia et al. [22] used genetic algorithm and Lin & Kernighan [23] method on a local search algorithm to find the shortest route among 13509 cities and compared both algorithms.
TSP has been used to solve the problems in the field of mapping, vehicle routing, tourism, Geographical Information System (GIS), and solving the applications with GPS support. Jung et al. [24] have studied on the optimization technologies: GPS and GIS integration for the effective control of the parcelling service. Wijesinghe et al. [25] have used TSP in the travel planning system with GIS, while Keenan [26] used TSP for modelling the vehicle routing based on GIS. Objective of this study is to show that TSP is the core problem to solve the shortest route and timing problem of the surveyor(s) moving among traverse stations, which will be defined by CORS-TR system. In the study, firstly, the CORS-TR system is introduced, and then practicality of such system for measuring the traverse stations is discussed. The methodology of the TSP and an application in the CORS-TR traverse station network are given. Finally, our results are presented.
MATERIAL AND METHOD
After the satellite positioning systems and communication technologies have become widespread, measuring methods have undergone a significant change. Today, satellite-positioning systems are used in various areas such as civil engineering projects, deformation analysis, geolocation of the fixed station networks and relevant ground surveys, geographical information systems and mapping, general and private navigation applications [27] . The most common satellite positioning systems known today are as follows: The American Global Positioning System (GPS), Russian Global Navigation Satellite System (GLONASS), and European Satellite Navigation System (GALILEO) [28] . Geolocation by satellites is called GNSS.
Methods of relative geolocation by satellites are considered under static and kinematic measuring methods, particularly, Real Time Kinematic (RTK) measuring method is intensively used. Therefore, countries, local organizations and private sector set up real time fixed GNSS Networks called CORS [29] .
The CORS system forms a network consisting of internet technology, data communication and computer usage with the support of various reference stations and data centers. The system uses satellite navigation and positioning technologies to enable the fixed GNSS reference stations operate continuously for a long term for a certain distance within a certain range. CORS is formed by four parts including reference station systems, data processing systems, data communication systems and user applications [30] . Many developed and developing countries continue to launch and improve the CORS networks based on the Satellite Positioning System. For example, USA has a CORS network consisting of more than 1900 fixed points and yields precise positions to the centimeter [31] .
The initial works on the Turkish National Fixed GNSS Stations Network (TUSAGA-Active/ CORS -TR), a geocentric positioning system formed by fixed GNSS stations and control centers for real time positioning data, started on 8 May 2006 with a project support of TÜBİTAK (The Scientific and Technological Research Council ofTurkey) and it was fully operational on May 2009. The system is active with its 146 stations dispersed homogenously in a distance of about 70 to 90 km, and monitored by 2 control centers [32] . The CORS network formed by GNSS stations, which perform continuous surveillance in Turkey and Turkish Republic of Northern Cyprus is consisted of four different components; a system that beams real time position correction data, fixed earth stations receiving signals from GNSS positioning satellite system monitoring centers, fixed communication units for data transfer, single or double frequency receivers capable to receive the phase/code satellite data having the feature of differential GPS and RTK on the users side. In the system, fixed earth stations receive data from global positioning system satellites such as GPS of the USA, GLONASS of Russia under the scope of the GNSS [33] .
It has been aimed to obtain real time precise (centimetric) position data for engineering applications with the data to be received from TUSAGA-Active /CORS-TR project [34] . On the other hand, it has also been aimed to define the transformation parameters between the ED50 (European Datum 1950) and ITRF96 (International Terrrestrial Reference Frame) data precisely in order to obtain the cadastral and the topographic map based on the international datum as well as to present data for the scientific geodetic studies. [35] .
According to the Large Scale Map and Map Data Production Regulation that issues standards for the mapping activities in Turkey: "Traverse station coordinates may be defined by any of the methods namely static, fast static, kinematic or real time kinematic based on high order national GNSS control points (called as C1, C2, C3)". Digital production and control of cadastral maps are under the reponsibility of General Directorate of Land Registry and Cadastre. Therefore, a Circular No: 11 is issued in 2010 by the organization which introduces standards for the production and control of the cadastral maps [36] . According to the circular: "Coordinates of the traverse stations may be defined by the Network RTK method under the TUSAGA-Active/CORS-TR system. Definition of the coordinates of the traverse stations in this respect shall be performed at least in two GNSS sessions in different times to meet the requirements shown in Tab. 1. Difference between coordinates and ellipsoidal heights obtained by such sessions shall not be greater than 7 cm." As presented above, upon the examination of Turkish legislation, CORS-TR system may obviously be used in order to form traverse networks for mapping purposes.
Finding the Shortest Survey Route
TSP was initially a problem of a salesman who has a list of cities and the distances between each pair of cities to find the shortest possible route that visits each city exactly once and returns to the origin city [22] .
TSP to be used for the GNSS traverse stations may be explained as follows: A surveyor desires to go to a number (m) of different traverse stations to define the positions and back to the point started. Total route length should be minimized provided going to a station is not performed twice. Although the TSP seems simple as an idea, since there are m! number of route alternatives finding the optimal solution is hard. When we define x ij ∈ {0, 1} as the variable of the tour of a surveyor that goes from station i to j, integer linear programming equations of TSP may be as follows [37] :
All x ij = 0 or 1, all u i ≥ 0 and set of integers x ij is a parameter, which is valued 1 when the traveler goes from i to j point. Otherwise, it would be 0. The u parameter is an artificial variable added to the model to provide conditions for a complete cycle.
Objective of the TSP model d ij and x ij is to minimize the multiplying totals.
Parameters used in the model are: d ij : Distance between i and j stations ∀i, j = 1, 2,…, m, i ≠ j. m: Number of stations Decision variables used in the model:
x ij : in case going from i to j it is 1 and 0 in the other cases as decision variable.
u i : is an artificial decision variable that shows the turn of station i to be visited. 4) is formed to eliminate the sub tours that divide the tour of the surveyors. Miller et al. [35] defined constraints in Eq. (4) in order to eliminate the sub tours.
STUDY AREA
Kayseri is a city of culture, industry and trade located in the Central Anatolia, close to Capadoccia with its great historic value and population close to 1 million. Erciyes University campusis chosen as the study area.It is located on an area for 4.940.000 m 2 , 590.000 m 2 of which is indoor area. Traverse network in the university campus formed by CORS-TR system covers an area of about 835.000 m 2 (Fig.  1 ).
Figure 1 Erciyes University campus and study area

APPLICATION
A network containing 26 traverse stations in the field to survey the detail points has been planned. Approximate positions of stations have been formed as point layer with coordinates on the geocorrected satellite image by means of ArcGIS program. Considering the pavements of the main/sub routes, walkways and crosswalks within the campus site, walkways among the stations have been defined as line features with coordinates on the satellite image (Fig. 2) . Traverse network points defined on the satellite map have been monumanted on the ground permanently within the framework of Large Scaled Map and Map Data Production Regulation by searching the view opportunities in the first stage of the field operations.
Second stage of the field operations shall enable the definition of the 3D coordinates (X, Y, Z) in the ITRF96 datum of traverse stations. Due to the requirement of measuring a station twice in different times (by the regulation), 2 CORS-TR adaptive Astech GNSS receivers are used by two surveying teams. In order to finish the survey as early as possible, it is necessary to define the shortest route that visits all of the stations just for once. Before the second phase of the study, the shortest route and time planning has been realized by formulating a TSP integer linear programming model.
In order to solve the TSP model, it is necessary to form the Origin-Destination (OD) length matrix. As this problem requires to find the shortest route, it is necessary to describe the OD length matrix among stations through to the walkways. For that reason, traverse station points layer and walkway lines layer formed in the satellite image are evaluated in the ArcGIS Network Analysis module and the OD length matrix has been calculated as shown in the Fig. 3 .
Figure 2 CORS traverse stations and walkways
It is required to describe the objective function of the TSP model. Any solver will try to find the best minimum for that objective function subject to constraints of the model. Objective function, which will be used during the practice, may be written as follows: As the whole 676 constraint equations formed to solve the application have not been shown in the article, only six of them are presented below, others have been configured similarly. 1 Constraints 52: 25 24 Constraints 651: 25 24 Constraints 652: 25
Constraints 676: 25
The OD length matrix formed, objective function and constraint equations have been evaluated by the CPLEX Optimizer 12.1 program. In the optimum solution, values of variables that give the shortest route among 676 variables are 1, while values of other variables are 0 (see Tab. 2). As a result, shortest survey route in the traverse net is found as 5452.72 m.
Surveying order of traverse stations according to the shortest route solution set is: P.1-P.2-P.3-P.4-P.5-P.6-P.7-P.8-P.9-P.10-P.11-P.12-P.25-P.23-P.24-P.13-P.14-P.15- P.16-P.17-P.18-P.26-P.22-P.21-P.20-P. 19 and P.1 shortest route map is shown in Fig. 4 . Some tests have been performed in the field in order to plan the shortest survey time. Therefore, it has been defined that a surveyor who carries a GPS surveying instrument for about 2 kg moves with an average speed of 4 km/h (66.67 m/minute), searching for traverse station monument in the field and the operation of defining the coordinates by using CORS-TR takes 1.30 minutes for each point. Time data beginning from the starting point P.1 and the time passed to reach to each station together with the total surveying time is given in Tab.3. 
Minimal shortest surveying route
On such a survey net with 26 traverse stations, instead of the shortest route, if a walkway of P.1-P.2-P.3-P.4-P.5-P.6-P.7-P.8-P.9-P.10-P.11-P.12-P.13-P.14-P.15-P.16-P.17-P.18-P.19-P.20-P.21-P.22-P.23-P.24-P.25-P. 26 In case of having two surveyors' teams to define the positions of the points at the traverse network each of whom has one GNSS survey instrument, CORS-TR traverse station survey requirements are shown in Tab. 1 in the section Material and Methodology. Since the time between the survey sessions performed by different teams is one hour at the least, and when the first survey team starts surveying at point P.1, it is required to put the second team to the point P.13 with timing for 1.02.51 hour forward and continue the surveying tour from here (Tab. 3).
However, as the time chart given in Tab. 3 includes the experimental average values, it is required that two teams should inform each other regarding the survey time and enable the time coordination for 1 hour at the least among the sessions. As seen in Tab. 3, the period required to complete the survey for one team is 1.55.26 h. at average and the period to return to the starting point of P.1 is calculated as 2.00.37 h. Therefore, a survey operation to be performed on the shortest route with a session difference for 1 hour shall be completed by the two teams in about 2 hours.
CONCLUSION AND RECOMMENDATIONS
The problem of finding the shortest route on networks with GIS is related to a well-known optimization problem TSP. This problem can be modeled as an integer linear programming problem and could be solved exactly (up to some number of nodes) with special OR techniques. Solvers such as CPLEX use these special techniques to optimize mathematical models. On the other hand, a heuristic technique, such as ant colony, genetic algorithm etc. could be used for large instances (large number of nodes for example n > 1000). However, these heuristics do not guarantee to give the optimal solution. They just give good solutions.
Integer linear programming method used for practicing the TSP at a traverse station gives mathematically the shortest survey route as an exact result. It is not probable to find the exact result every time by using heuristic methods such as Genetic Algorithm and Ant Colony Algorithms. Even using only one team shall be helpful to find the shortest route and planning the survey at the earliest.
The route to be found will enable us to complete the definition of the traverse station coordinates by using CORS-TR system at the earliest. As two teams are used during the practice, it is observed the measuring became half against one team. In this study, if the number of points is less than 15 and survey route is shorter than 2500 m, it is determined that using two surveyor teams is not economical. In fact, as the surveying of one team will take one hour on average, the same team will go on the second session after completing the first one.
The recent generalization of the well-known traveling salesman problem is the multiple TSP. The proposed solution has two sessions and the time interval between sessions should be one hour. Therefore, different conditions are added in the problem. In this case the optimal solution is difficult with multiple TSP. Future operations related to finding the survey route that requires less energy considering the land slopes on the traverse station route may be performed. Hence, CORS-TR traverse station surveys may then be performed effortlessly.
